We describe the discovery and isolation of a paramyxovirus, feline morbillivirus (FmoPV), from domestic cat (Felis catus). FmoPV RNA was detected in 56 (12.3%) of 457 stray cats (53 urine, four rectal swabs, and one blood sample) by RT-PCR. Complete genome sequencing of three FmoPV strains showed genome sizes of 16,050 bases, the largest among morbilliviruses, because of unusually long 5′ trailer sequences of 400 nt. FmoPV possesses identical gene con- 
We describe the discovery and isolation of a paramyxovirus, feline morbillivirus (FmoPV), from domestic cat (Felis catus). FmoPV RNA was detected in 56 (12.3%) of 457 stray cats (53 urine, four rectal swabs, and one blood sample) by RT-PCR. Complete genome sequencing of three FmoPV strains showed genome sizes of 16,050 bases, the largest among morbilliviruses, because of unusually long 5′ trailer sequences of 400 nt. FmoPV possesses identical gene contents (3′-N-P/V/C-M-F-H-L-5′) and is phylogenetically clustered with other morbilliviruses. IgG against FmoPV N protein was positive in 49 sera (76.7%) of 56 RT-PCR-positive cats, but 78 (19.4%) of 401 RT-PCR-negative cats (P < 0.0001) by Western blot. FmoPV was isolated from CRFK feline kidney cells, causing cytopathic effects with cell rounding, detachment, lysis, and syncytia formation. FmoPV could also replicate in subsequent passages in primate Vero E6 cells. Infected cell lines exhibited finely granular and diffuse cytoplasmic fluorescence on immunostaining for FmoPV N protein. Electron microscopy showed enveloped virus with typical "herringbone" appearance of helical N in paramyxoviruses. Histological examination of necropsy tissues in two FmoPV-positive cats revealed interstitial inflammatory infiltrate and tubular degeneration/necrosis in kidneys, with decreased cauxin expression in degenerated tubular epithelial cells, compatible with tubulointerstitial nephritis (TIN). Immunohistochemical staining revealed FmoPV N protein-positive renal tubular cells and mononuclear cells in lymph nodes. A casecontrol study showed the presence of TIN in seven of 12 cats with FmoPV infection, but only two of 15 cats without FmoPV infection (P < 0.05), suggesting an association between FmoPV and TIN. P aramyxoviruses are enveloped, negative-sense single-stranded RNA viruses that are divided into two subfamilies, Paramyxovirinae and Pneumovirinae. Viruses in the subfamily Paramyxovirinae have been associated with a number of emerging diseases in humans and various animals in the past two decades (1) (2) (3) (4) (5) (6) (7) (8) (9) . There are currently five genera within the subfamily Paramyxovirinae, namely Respirovirus, Rubulavirus, Morbillivirus, Henipavirus, and Avulavirus, although some members of the subfamily remain unclassified. Among members of Paramyxovirinae, measles virus, mumps virus, and human parainfluenza viruses 1 through 4 are the most well known human paramyxoviruses, which cause outbreaks of respiratory to systemic infections (10) (11) (12) . In addition, Hendra and Nipah viruses are also important zoonotic viruses that cause outbreaks in humans (13) . Recently, we reported the discovery of three rubulaviruses, Tuhoko viruses 1, 2 and 3, from fruit bats in mainland China, and an unclassified paramyxovirus, Tailam virus, from Sikkim rats in Hong Kong (14, 15) . Despite the presence of paramyxoviruses in a variety of animals, no paramyxoviruses have been naturally observed in cats, although there is controversial evidence that cats may be infected with parainfluenza 5 virus (16, 17) .
Cats and dogs are the commonest domestic animals and pets worldwide. As a result of their close relatedness, interspecies jumping of viruses among these two kinds of animals is not uncommon. For coronaviruses, feline coronavirus and canine coronavirus are classified under the same species Alphacoronavirus 1, and feline coronavirus type II strains were generated by double homologous recombination between feline coronavirus type I strains and canine coronavirus (18) . For parvoviruses, the fatal canine parvovirus that emerged in the 1970s also originated from a feline parvovirus, feline panleukopaenia virus (19, 20) . As for herpesviruses, canid herpesvirus 1 and felid herpesvirus 1 are closely related and are classified under the genus Varicellovirus (21). Furthermore, for papillomaviruses, canine oral papillomavirus and feline papillomavirus are also closely related and are classified under the genus Lambdapapillomavirus (22) . As dogs are well known hosts of a paramyxovirus, canine distemper virus, in the genus Morbillivirus (23), we hypothesized that there are previously unrecognized morbilliviruses in cats. To test this hypothesis, we carried out a molecular epidemiology study in stray cats in Hong Kong and diseased cats from mainland China for novel morbilliviruses, during which a virus was isolated and characterized. We also demonstrated that the virus is associated with tubulointerstitial nephritis (TIN) in cats. Based on the results of the present study, we propose a novel paramyxovirus in the genus Morbillivirus, named feline morbillivirus (FmoPV).
Results
Identification of a Paramyxovirus from Cats. RT-PCR with consensus primers amplifying a 155-bp fragment in the L gene of morbilliviruses was positive in samples (53 urine, four rectal swabs, and one blood sample) from 56 (12.3%) of 457 stray cats captured from various locations in Hong Kong over a 2-y period (March 2009 to February 2011), with two stray cats positive on both the urine and rectal swabs. For the 16 diseased cats from mainland China, one (6.25%) was RT-PCR-positive in both its oral and rectal swabs. Real-time quantitative RT-PCR showed a median viral load of 3.9 × 10 3 (range, 0.037-1.4 × 10
6
) copies/mL. Sequencing results suggested the presence of a previously undescribed paramyxovirus of the genus Morbillivirus, with fewer than 80% nt identities to known paramyxoviruses (Fig. S1 ). In the three cats for which RT-PCR was positive in two specimens, the sequences of the amplified fragments were identical in the two different specimens. We propose this paramyxovirus to be named FmoPV.
Genome Organization, Coding Potential, and mRNA Editing of FmoPV.
Complete genome sequences of three strains of FmoPV, from two urine (761U, 776U) and one rectal swab (M252A) samples, were determined. The genome size of FmoPV is 16,050 bases, and G+C contents are 35.1% to 35.3%, with FmoPV having the largest genome among all morbilliviruses with genome sequence available (Fig. 1) . The genome of FmoPV conforms to the rule of six, as in other paramyxovirus genomes. It contains a 12-nt complementary 3′ leader and 5′ trailer sequence. The 3′ leader sequence is 55 nt. In contrast to other morbilliviruses, which have 5′ trailer sequences of only 40 or 41 nt, the genome of FmoPV has a trailer sequence of 400 nt, accounting for its bigger genome size. Such long trailer sequences of larger than 400 nt have been observed only in avian paramyxoviruses 3 (681-707 nt) and 5 (552 nt), and Tupaia paramyxovirus (590 nt; Fig. S2 ).
Similar to other morbilliviruses, the genome of FmoPV contains six genes (3′-N-P/V/C-M-F-H-L-5′; Fig. 1 ). Pairwise alignment of the predicted gene products among FmoPV and other paramyxoviruses showed the highest amino acid identities with members of the genus Morbillivirus, with the N, P/V/C(P), (Table S1 ). The lengths and characteristics of the major structural genes and intergenic regions are summarized in Table S2 . Among all the structural genes, the N gene possessed the highest rate of nucleotide polymorphism, whereas the P gene possessed the highest rate of amino acid polymorphism (Fig. S3) .
The conserved N-terminal motif MA(T/S)L in morbilliviruses was absent in the nucleoprotein (N) of FmoPV, which contained the sequence MSSL as a result of A-to-S (G-to-U at first codon position) substitution at the second amino acid (Fig. S4 ). Similar to the nuclear localization signal (NLS) of the N proteins in CdiPV, MeaPV, and RinPV but different from the classical NLS sequence, a leucine/isoleucine-rich motif at amino acid positions 70 to 77 is identified in the N protein of FmoPV (Fig. S4 ). Similar to the nuclear export signal of the N proteins in CdiPV and RinPV, a leucine-rich motif at amino acid positions 4 to 11 is also identified in the N protein of FmoPV (Fig. S4) .
As in other morbilliviruses, the P/V/C gene of FmoPV contains two initiation codons, the first one for translation of P and V and the second for translation of C. Similar to most members of Paramyxovirinae, the P/V/C gene of FmoPV contains a UCrich editing site that allows the addition of nontemplated G residues to mRNA products during P/V/C gene transcription, resulting in the production of different proteins with a common N-terminal region. In all three strains of FmoPV, this common N-terminal region consists of 226 aa.
To determine the exact location of P gene editing site and the number and frequency of G-residue insertions, a small cDNA fragment including the UC-rich region was amplified, cloned, and sequenced by using mRNA extracted from FmoPV infected CRFK cells. Among 23 independent clones sequenced, 13 contained the sequence TTAAAAGGGG (without G insertion, encoding P protein) and 10 contained the sequence TTAAA-AGGGGG (one G inserted, encoding V protein). The sequence TTA n G n is conserved as in other paramyxovirus editing sites except for those of rubulaviruses. In contrast to other morbilliviruses in which the sequence is TTA 5 G 3 (24) , the TTA n G n sequence in FmoPV is TTA 4 G 4 .
Different from all other known morbilliviruses, the F protein of FmoPV has a single-basic proteolytic cleavage site, whereas the cleavage sites in other morbilliviruses are multibasic (25) . Cellular trypsin-like protease cleaves the F protein into F1 and F2 before cell fusion occurs, which facilitates the isolation of these viruses in cell lines. Two heptad repeat sequences similar to those in F proteins of other paramyxoviruses were also identified in the F 1 of FmoPV. The F protein of FmoPV also contains the 10 Cys residues that are highly conserved in other morbilliviruses and five potential N-glycosylation sites, most of which are located in the F 2 peptide.
Phylogenetic Analyses. Phylogenetic trees constructed using the predicted amino acid sequences of N, P, M, F, H, and L genes of FmoPV and other members of Paramyxoviridae are shown in Fig.  2 . In all six trees, the three viruses were clustered with morbilliviruses, with high bootstrap supports, forming a distinct subgroup (Fig. 2) .
Western Blot Analysis. Among tested sera from the 56 cats that were RT-PCR-positive and 401 cats that were RT-PCR-negative for FmoPV, 49 (76.7%) and 78 (19.4%) tested positive for IgG against Escherichia coli expressed recombinant N protein of FmoPV by Western blot analysis, respectively (P < 0.0001; Fig.  S5 and Table S3 ). Among tested sera from the 56 cats that were RT-PCR-positive for FmoPV, only five (8.9%) tested positive for IgM against N protein of FmoPV.
Viral Culture, Immunostaining, and Electron Microscopy (EM). At the eighth passage, CRFK (feline kidney) cells inoculated with a urine sample (761U) positive for FmoPV showed cytopathic effects (CPEs) at day 14, in the form of cell rounding, followed by cell detachment from the monolayer and cell lysis. At the 16th passage, CPEs were evident at day 10, with syncytia formation (Fig. 3A) . RT-PCR for FmoPV using the culture supernatants and cell lysates showed positive results in CRFK cells inoculated with urine sample 761U and VeroE6 (African green monkey kidney) cells inoculated with supernatant of CRFK cells positive for FmoPV. Specific apple green finely granular and diffuse cytoplasmic fluorescence was also observed by using serum from guinea pig immunized with recombinant N protein of FmoPV or corresponding serum of the infected cat (Fig. 3C) . EM showed an enveloped virus with the typical "herringbone" appearance of the helical N in paramyxoviruses (Fig. 3D) . Virions are highly variable in size, ranging approximately from 130 to 380 nm in diameter. No CPE and no viruses were detected by RT-PCR in NIH/3T3 (mouse embryo fibroblast), B95 (marmoset B-cell), and chicken embryo fibroblast cells inoculated with the samples.
Histopathology and Immunohistochemistry. To identify possible diseases associated with FmoPV, necropsies were performed on two euthanized stray cats positive for FmoPV by RT-PCR. Histological examination of various organs revealed interstitial inflammatory infiltrate and renal tubular degeneration or necrosis in their kidneys (Fig. 4A ). In addition, there was also marked decrease in cauxin expression in the degenerated tubular epithelial cells, compatible with TIN (Fig. S6) . Immunohistochemical staining of their organs with guinea pig serum positive for anti-FmoPV N protein antibody revealed positive renal tubular cells in kidney sections ( Fig. 4C ) and positive mononuclear cells in lymph node sections (Fig. 4E) . With the use of mouse anti-human myeloid/ histiocyte antigen antiserum MAC387, the targets of FmoPV in lymph node sections were shown to be macrophages (Fig. S7 ).
Case-Control Study. As the kidneys of the two stray cats showed histopathological features compatible with TIN, the kidneys, urine, and plasma were obtained from a total of 27 stray cats, including the two cats with necropsies performed, and were Table S5 .
subjected to RT-PCR, histopathologic examination, and antibody detection by Western blot and immunofluorescence to examine for possible association between FmoPV infection (RT-PCR and/or antibody positive) and TIN. Among the 27 stray cats, TIN was observed in seven of 12 cats with evidence of FmoPV infection, but in only two of 15 cats without evidence of FmoPV infection (P < 0.05, Fisher exact test; Table S4 ).
Discussion
We report the discovery of a feline paramyxovirus, FmoPV, from stray cats in Hong Kong, which represents a documentation of paramyxoviruses found in the domestic cat (Felis catus). Although cats are known reservoirs of different viruses, the existence of paramyxoviruses in these common domestic animals was previously unknown. In this study, FmoPV was detected in the urine samples of 53 of 457 stray cats and in the rectal swab and blood samples of four and one of these cats, respectively. Western blot analysis revealed a seroprevalence of 27.8% among tested cats for IgG against recombinant N protein, and the presence of antibody is highly associated with the presence of virus. Analysis of the complete genomes of three FmoPV strains showed that they formed a distinct cluster among the morbilliviruses in all six phylogenetic trees constructed by using the N, P, M, F, H and L genes (Fig. 2) . Immunohistochemistry also showed that, similar to other morbilliviruses such as measles virus, FmoPV infects mononuclear cells and parenchymal cells (Fig. 4) . In the present study, the three strains of FmoPV exhibited high sequence similarity and identical genome organization, suggesting a single species of FmoPV and a high degree of species-specificity in FmoPV. Although no recombination was identified in the present FmoPV strains (Fig. S8 ), other viruses from cats, such as feline coronaviruses and feline papillomavirus, have been shown to be closely related to or recombine with their canine counterparts in dogs, suggesting that feline viruses may have the potential to cross species barrier in animals of similar living habitat (18, 26) . FmoPV is associated with TIN in cats. TIN involves primary injury to renal tubules and interstitium and is the most common cause of renal failure and one of the leading causes of deaths in cats. However, the cause of most cases of feline TIN remains unknown, and therefore treatment is mainly supportive and prevention is difficult. As FmoPV was mostly detected in urine samples, we hypothesized that FmoPV is associated with renal pathologic processes. In necropsy kidney tissues of two stray cats with positive FmoPV RT-PCR in their urine samples, we observed histopathological features compatible with TIN, as well as detection of N protein of FmoPV in the renal tubules by immunohistochemistry (Fig. 4) . A case-control study showed that there is a positive association between FmoPV infection (RT-PCR and/or antibody positivity) and TIN in cats. Some recent studies suggested that feline TIN is mediated by an autoimmune mechanism because cats vaccinated with CRFK cell lysates developed antibodies to both CRFK and kidney cell lysates (27) (28) (29) . Half these cats sensitized to CRFK lysates on multiple occasions developed TIN at 2 wk postsensitization. Sera from CRFK-inoculated cats were confirmed to recognize annexin A2 and α-enolase by Western blot. In humans, α-enolase antibodies are nephritogenic, and α-enolase and annexin A2 antibodies have been associated with autoimmune diseases. It is therefore possible that a feline nephrotropic virus, such as FmoPV, may trigger a self-sustained immunopathological process after this acute insult. Further study should be performed to ascertain the pathogenic role of this virus, and antiviral and vaccine development may be important in the prevention and treatment of TIN in cats. Notably, some morbilliviruses, such as Peste des Petits Ruminants virus, Rinderpest virus, and canine distemper virus, have also been found in kidney and/or urine (30) (31) (32) . Further studies would delineate if these viruses are also associated with renal pathologic processes in these animals.
Although domestic cats have been associated with humans for almost 10,000 y, they usually pose little physical hazard to humans. However, as a result of cat bites or via other routes, cats can transmit a range of bacteria (e.g., Bartonella henselae), protozoa (e.g., Toxoplasma gondii), and, uncommonly, viruses (e.g., rabies virus), causing diseases in humans. Apart from the present paramyxovirus, viruses of at least 15 families have been found in cats, including our recent discovery of a picornavirus in cats (33) . Moreover, the domestic cats have also been shown to be susceptible to infection by highly pathogenic avian influenza viruses H5N1 and H7N7 and SARS coronavirus, suggesting that they can be susceptible to viruses associated with serious infections (34) (35) (36) . A previous survey in Hong Kong (http://www.aud.gov.hk/ pdf_e/e54ch04.pdf) showed that one in every eight households was keeping pets, with 22.3% of the pet-keepers keeping cats. The number of locally licensed pet shops selling cats and dogs has increased from 77 in 2000 to 155 in 2009. This phenomenal increase is not unexpected, because the population is aging, the marriage rate is decreasing, the divorce rate is increasing, and the birth rate is decreasing. Many households are keeping pets as substitutes for children that do not require childcare. Besides sharing a bed with pets, these pet owners often kiss or are licked by pets. Such behavior may allow significant exposure to zoonotic agents carried by the pet or parasitizing arthropods (37). For FmoPV, serological studies for evidence of its possible spread in the human population could be performed in the context of broader epidemiological studies that target households with and without cats. Because of the possibility of cross-reactivity with other known and unknown morbilliviruses, testing a small number of owners and human contacts of sick cats may lead to unsubstantiated rumors and needless slaughter of healthy cats. On the other hand, host range restriction and pathogenicity may be determined by the difference in the NLS and nuclear export signal sequences and F protein cleavage sites between FmoPV and other morbilliviruses. For example, specific mutation in the NLS of PB2 polymerase of the influenza virus would significantly affect nuclear localization, replication, and host range of the virus (38, 39) .
Materials and Methods
Sample Collection. The Agriculture Fisheries and Conservation Department of Hong Kong provided samples collected from the 457 stray cats as part of a surveillance program. Nasal and rectal swabs, urine, and blood were collected by using procedures described previously (33) . In addition, oral and rectal swabs from 16 diseased cats from mainland China were also collected. The use of samples from euthanized stray cats in this study was approved by the Committee on the Use of Live Animals in Teaching and Research of the University of Hong Kong. Samples were collected immediately after euthanasia as routine policies for disposal of locally captured stray cats.
Necropsies of FmoPV-Infected Stray Cats. Tissue samples were collected from the lungs; brain; heart; prescaspular, retropharyngeal, submandibular, and thoracic lymph nodes; spleen; liver; kidneys; urinary bladder; gall bladder; thymus; salivary gland; eyeball; nasal turbinate; intestine; pancreas; foot pads; testicles or ovary; and tonsil and adrenal gland. Half of each tissue sample was fixed in 10% neutral buffered formalin for histological processing and the other half was submerged in viral transport medium for RNA extraction and virus isolation.
RT-PCR of L Gene of Morbilliviruses and DNA Sequencing. Viral RNA was extracted from nasal and rectal swabs, urine, and blood by using an EZ1 Virus Mini Kit (Qiagen) and from tissue samples by using a QIAamp Viral RNA Mini Kit (Qiagen). Morbillivirus detection was performed by amplifying a 155-bp fragment of L gene of morbilliviruses by using conserved primers (LPW12490, 5′-CAGAGACTTAATGAAATTTATGG-3′; and LPW12491, 5′-CCA-CCCATCGGGTACTT-3′) designed by multiple alignments of available L gene sequences of morbilliviruses. Reverse transcription, PCR, and sequencing were performed according to our previous publications (14, 15) . Complete Genome Sequencing and Genome Analysis. The complete genomes of FmoPV were amplified and sequenced by using RNA extracted directly from the specimens as templates with a strategy described in our previous publications (14, 15) . Genome analysis was performed as described in our previous publications (14, 15, 33, 40, 41) . Phylogenetic trees were constructed by maximum likelihood method by using PhyML 3.0 (42).
Analysis of P mRNA Editing. To examine the number of G insertions at the P mRNA editing site, mRNA from original specimens was extracted by using the Oligotex mRNA Mini kit (Qiagen). First-strand cDNA synthesis was performed by a using SuperScript III kit (Invitrogen) with random hexamer primers. Primers (5′-TTCATCTCTTAGTTCCCAGGAA-3′ and 5′-TTTCAGACTCACCCTCG-ATATCT-3′) were used to amplify a 442-bp product of FmoPV covering the putative editing site. PCR, cloning and sequencing were performed as described in our previous publication (14) .
Cloning and Purification of (His) 6 -Tagged Recombinant N from E. coli. Primers (5′-ACGCGGATCCGATGTCTAGTCTA-3′ and 5′-CGGAATTCGGTTTTAGAAGGT-CAGTA-3′) were used to amplify the N gene (519 aa) of FmoPV by RT-PCR. Cloning, expression and purification of (His) 6 -tagged recombinant N protein was performed as described in our previous publications (14, 41, 43) .
Guinea Pig Sera. Guinea pig antiserum against the N protein of FmoPV was produced by injecting 100 μg purified N protein of FmoPV, with an equal volume of complete Freund adjuvant (Sigma), s.c. to three guinea pigs. Incomplete Freund adjuvant (Sigma) was used in subsequent immunizations. Three inoculations at once every 2 wk per guinea pig were administered. Two weeks after the last immunization, 1 mL of blood was taken via the lateral saphenous vein of the guinea pigs to obtain the sera.
Western Blot Analysis. Antibodies against the N protein of FmoPV were detected in plasma samples of the 56 cats that were RT-PCR-positive and 401 cats that were RT-PCR-negative for FmoPV by Western blot. Western blot analysis was performed as described in our previous publications (40, 41, 43) , by using 1,000 ng purified (His) 6 -tagged recombinant N protein, 1:1,000 dilutions of cat plasma samples, 1:4,000 dilution of horseradish peroxidase-conjugated goat anti-cat IgG antibody, and 1:10,000 dilution of goat anti-cat IgM antibody (Bethyl). Viral Culture. Viral culture and EM were performed according to our previous publications (44, 45) . Two hundred microliters of the three samples used for complete genome sequencing were subject to virus culture. After centrifugation, they were diluted fivefold with viral transport medium and filtered. Two hundred microliters of the filtrate was inoculated to 200 μL of MEM with Polybrene. Four hundred microliters of the mixture was added to 24-well tissue culture plates, with CRFK, B95, chicken embryo fibroblast, NIH/3T3, or Vero E6 cells, by adsorption inoculation. After 1 h of adsorption, excess inoculum was discarded, the wells were washed twice with PBS solution, and the mixture was replaced by 1 mL of serum-free MEM supplemented by 0.1 μg/mL of L-1-tosylamide-2-phenylethyl chloromethyl ketone-treated trypsin (Sigma). Cultures were incubated at 37°C with 5% CO 2 and inspected daily by inverted microscopy for CPEs. After 2 to 3 wk of incubation, subculturing to fresh cell line was performed even if there were no CPEs, and culture lysates were collected for RT-PCR for FmoPV. Immunostaining and EM were performed on samples that were RT-PCR-positive for FmoPV.
Immunostaining. CRFK and Vero E6 cells that were tested positive for FmoPV by RT-PCR were fixed in chilled acetone at −20°C for 10 min. The fixed cells were incubated with 1:200 dilution of guinea pig antiserum against the N protein of FmoPV, followed by 1:50 diluted FITC-rabbit anti-guinea pig IgG (Invitrogen). Cells were then examined under a fluorescence microscope. Uninoculated cells were used as negative control.
Immunofluorescence Antibody Test. CRFK cells infected with FmoPV were fixed in chilled acetone at −20°C for 10 min. The fixed cells were incubated with fourfold dilutions of plasma from 1:10 to 1:10,240 from the 27 cats with necropsies, followed by 1:20 diluted FITC-goat anti-cat IgG (Sigma). Cells were then examined under a fluorescence microscope. Uninfected cells were used as negative control.
Histopathological Examination and Immunohistochemical Staining of FmoPV N Protein in Tissues and Cauxin Protein in Kidneys. Fixed necropsy organs of the two stray cats were embedded in paraffin. Tissue sections of 5 μm were stained with H&E. Histopathological changes were observed by using a Nikon 80i microscope and imaging system. Expression of FmoPV N protein was examined by immunohistochemical staining. Tissue sections were deparaffinized and rehydrated, followed by blocking endogenous peroxidase with 3% (vol/vol) H 2 O 2 for 20 min, and then with 10% (vol/vol) normal rabbit serum/PBS solution at room temperature for 1 h to minimize nonspecific staining. The sections were incubated at 4°C overnight with 1:250 dilution of guinea pig anti-N protein antiserum, followed by incubation of 30 min at room temperature with 1:500 dilution of biotin-conjugated rabbit anti-guinea pig IgG, H and L chain (Abcam) (46) . Streptavidin/peroxidase complex reagent (Vector Laboratories) was then added and incubated at room temperature for 30 min. Color development was performed by using 3,3′-diaminobenzidine and images were captured with a Nikon 80i imaging system and Spot-advance computer software. Double staining of lymph node was performed by using mouse anti-human myeloid/histiocyte antigen antiserum MAC387 (DakoCyomation) and labeled with Texas red-conjugated goat anti-mouse IgG (Jackson ImmunoResearch) (47) . Cauxin protein expression was detected according to a published protocol (48) .
